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(54) METHOD AND DEVICE FOR MANUFACTURING SEMICONDUCTOR SUBSTRATE 



(57) A method for manufacturing an SOI semicon- 
ductor substrate and a manufacturing apparatus there- 
for in which a mean implantation depth and a dose of 
each of a series of oxygen ion implantations are contin- 
uously or stepwise changed, a depthwise distribution of 
an oxygen atom concentration has a single peak and 
uniform in a plane at a predetermined depth, a maxi- 
mum oxygen atom concentration is preferably no larger 
than 2.25x1 0 22 atoms/cm 3 and no smaller than 
I.OxlO 22 atoms/cm 3 , a total oxygen dose is equal to a 
desired thickness of a buried oxide film multiplied by 
4.48x1 o 22 , and preferably a thermal process at a tem- 
perature of 1300°C or higher is applied after the com- 
pletion of the oxygen ion implantation to form the buried 
oxide film. 



FIG. IB 





2 


? 






f — ,5 


tOXK^ATOMS/cnf 




/ / 4 \ 




DEPTH 



Q. 
LU 



Printed by Rank Xerox (UK) Business Services 
2.13.8/3.4 



1 



EP0 738 004 A1 



2 



Description 

TECHNICAL FIELD 

The present invention relates to a manufacturing 5 
method of a semiconductor substrate and an apparatus 
for manufacturing the same, and more particularly to a 
method for manufacturing a silicon-on-insulator (herein- 
after referred to as SOI) type semiconductor substrate 
by implanting oxygen ions into a silicon substrate and 10 
an apparatus for manufacturing the same. 

BACKGROUND ART 

The formation of an insulation layer by implanting is 
ions into a semiconductor substrate is a well-known 
technique as disclosed in Japanese Patent Publication 
No. 49-39233. In the past, as a method for implanting 
oxygen ions into a single crystal silicon substrate to 
form a silicon oxide film which is an electrically insula- 20 
tive material (hereinafter referred to as a buried oxide 
layer) in the substrate and form a single crystal silicon 
layer having a uniform thickness over an entire surface 
of the substrate on the buried oxide layer, the following 
methods have been known. 2s 

Japanese Patent Publication No. 62-12658 dis- 
closes a method of ion-implanting oxygen into a single 
crystal substrate kept at a temperature of 200°C or 
higher to result in a concentration which is as 1 .5 times 
as large as an oxygen concentration (4.5x1 0 22 30 
ions/cm 3 ) in a uniform insulation layer to form a discrete 
boundary between the buried oxide layer and the single 
crystal silicon layer on the surface. This method, how- 
ever, has a defect in that the dislocation density in the 
single crystal silicon layer on the surface is 10 5 /cm 3 or 35 
higher. 

JP-A-62-1 88239 and US. Patent No. 4,676,841 
disclose a method for forming a sharp boundary free 
from non-stoichiometric silicon dioxide at the boundary 
of the single crystal silicon layer and the buried oxide 40 
film by implanting oxygen ions into the silicon substrate 
at an energies of 100 to 400 KeV and a dose of 5x1 0 1 7 
to 5x1 0 18 ions/cm 2 and thermally processing it in an 
nitrogen atmosphere at a temperature of at least 
1300°C for six hours to ten minutes. This method, how- 45 
ever, has a defect in that the dislocation density in the 
single crystal silicon layer on the surface is 10 3 /cm 2 or 
higher and a continuous buried oxide film cannot be 
formed. 

JP-A-64- 17444 discloses a method for forming an so 
oxide or nitride buried insulation layer by conducting 
multiple continuous implantations of oxygen or nitrogen 
ions into the silicon substrate at the same energy and a 
dose of 1 .5x10 18 ions/cm 2 , and after each implantation, 
annealing the substrate at a temperature no lower than ss 
800°C and no higher than a melting point of the sub- 
strate. This method, however, has a defect in that the 
dislocation density in the single crystal silicon layer on 



the surface is no higher than 10 5 /cm 2 but it is not lower 
than 10 3 /cnr\ 

JP-A-2-191357 discloses a method for preventing 
channeling in the oxygen ion implantation by implanting 
silicon ions at a concentration of 10 18 ions/cm 3 to such 
a depth that the oxygen ion concentration exhibits 10 21 
ions/cm 3 (shallower one of two) to make it amorphous 
and then implanting oxygen ions, and preventing the 
occurrence of crystal defect in a surface silicon layer 
which is induced by void holes or excess oxygen by 
reducing the void holes and excess oxygen by 
implanted silicon. However, this method has a defect in 
that the dislocation in the single crystal silicon layer on 
the surface rather increases due to the silicon atoms 
and the excess implanted silicon atoms generated in 
the lattices in the course of the formation reaction of the 
buried oxide film. 

JP-A-3-240230 discloses a method for forming a 
thin surface single crystal silicon layer on a buried oxide 
fflm of a predetermined film thickness while preventing 
the generation of crystal defect by reducing the oxygen 
ion dose, by applying a first thermal process to a silicon 
substrate to which oxygen ions have been implanted at 
a first implantation energy, specifically applying the ther- 
mal process in an Ar atmosphere at 1320°C for six 
hours to form a first buried oxide film, and then implant- 
ing smaller amount of oxygen ions than that of the first 
implantation at a second implantation energy lower than 
the first implantation energy and applying the same 
thermal processing as that of the first thermal process- 
ing to form a second buried oxide film superimposed on 
the first buried oxide film. However, this method cannot 
reduce the oxygen ion dose to attain the buried oxide 
fflm of the predetermined thickness and the dislocation 
density in the single crystal silicon layer on the surface 
is 10 3 /cm 2 or higher. 

JP-A-4-249323 discloses a method for implanting 
first oxygen ions into a major surface of a silicon sub- 
strate at a first high energy which imparts an oxygen 
concentration distribution in which the oxygen concen- 
tration is maximum at a position below the major surface 
of the silicon substrate, then thermally processing the 
silicon substrate to form a buried oxide film in the silicon 
substrate, then implanting second oxygen ions into the 
major surface of the silicon substrate at a second high 
energy which imparts an oxygen concentration distribu- 
tion in which the oxygen distribution is maximum in a 
vicinity of interface between the buried oxide film and 
the overlying surface silicon layer, and then thermally 
processing the silicon substrate to make the interface 
between the buried oxide film and the surface single 
crystal silicon layer planar. However, this method has a 
defect in that the dislocation density in the surface sin- 
gle crystal semiconductor silicon layer is 10 3 /cm 2 or 
higher. 

JP-A-4-264724 discloses a method for making the 
dislocation in the surface single crystal silicon layer to 
10 3 /cm 2 or lower by implanting oxygen ions into the sil- 
icon substrate at an acceleration energy of 150 KeV to 
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200 KeV and a dose of no smaller than 0.25x10 18 
ions/cm 2 and no larger than 0.50x1 o 1 8 Ions/cm 2 or no 
smaller than 0.80x1 0 18 ions/cm 2 and no larger than 
1 .30x1 0 18 ions/cm 2 and then thermally processing it at 
a high temperature of 1300°C or higher. However, as 5 
disclosed by S. Nakashima et al in J. Mater. Res., Vol. 8 
(1993), pp. 523-534, this method includes the following 
defect. When the oxygen ion dose is no higher than 
0.3x1 0 18 ions/cm 2 , a continuous buried oxide film is not 
always formed and dislocations of 10 3 /cm 2 or higher w 
are generated in the single crystal silicon layer on the 
buried oxide film. These dislocations cause a current 
leakage of semiconductor devices formed on the SOI 
structure and deteriorate the characteristic of the semi- 
conductor devices. When the oxygen ion dose is no 75 
smaller than 0.4x10 18 ions/cm 2 and no larger than 
1.2x10 18 ions/cm 2 , an imperfect silicon oxide film 
including silicon grains is formed. The buried oxide film 
which includes the silicon grains has a low dielectric 
breakdown voltage and deteriorates the characteristic 20 
of the semiconductor devices formed on the SOI struc- 
ture. When the oxygen ion dose exceeds 1.2x10 18 
ions/cm 2 , dislocations of 10 3 ~10 9 /cm 2 occur in the sin- 
gle crystal silicon layer on the buried oxide film. When 
the oxygen ion dose is no smaller than 0.3xl0 18 2 s 
ions/cm 2 and no larger than 0.4x1 0 1 8 ions/cm 2 , the dis- 
location density in the single crystal silicon layer on the 
buried oxide film is no larger than 10 3 /cm 2 and the con- 
tinuous buried oxide film including no silicon grain is 
formed but, in this case, the thickness of the buried 30 
oxide layer is limited to approximately 70 to 90 nm. In 
this connection, Y. Li et al discusses in J. Appl. Phys., 
Vol. 70 (1991). pp.3605-3612 a critical oxygen ion dose 
at which the continuous buried oxide film is formed as a 
function of a projected range of the oxygen ions. A. K. 35 
Robinson et a) discloses in Maer. Sci. Eng.. B12 (1992). 
pp.41 -45 that the oxygen ion dose at which the buried 
oxide film including no silicon grain is formed and the 
single crystal silicon layer with few dislocations is 
formed is 0.33x10 18 ions/cm 2 for the implantation 40 
energy of 70 KeV. 

JP-A-4-737 discloses a method for simply forming a 
silicon layer of sufficiently thin thickness such as 80 nm 
on a buried oxide film of sufficiently large thickness such 
as 400 nm in which a cap film comprising a silicon oxide 45 
film or a silicon nitride film is formed on a silicon sub- 
strate, then oxygen ions are implanted into the silicon 
substrate through the cap film, then it is thermally proc- 
essed to form a buried oxide film, and the cap film is 
removed before or after the thermal process. However, so 
this method does not always allow the formation of the 
continuous and homogeneous buried oxide film and the 
single crystal silicon layer with low dislocations. 

U.S. Patent No. 5,080,730 discloses a method for 
forming a narrow buried oxide film by reducing an ss 
implantation energy to compensate for the erosion of 
the surface of the silicon substrate by the ion beam 
when the oxygen or nitrogen ions are implanted into the 
silicon substrate so that the ions are implanted into the 



same position of the silicon substrate, and a method for 
forming a wide buried insulation film by increasing the 
implantation energy to compensate for the erosion of 
the surface of the silicon substrate by the ion beam. 
However, this method does not always allow the forma- 
tion of the continuous and homogeneous buried insula- 
tion film of a desired thickness and the single crystal 
silicon layer with low dislocations. 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide a 
method for manufacturing an SOI type semiconductor 
substrate by implanting oxygen ions in a silicon sub- 
strate in which the number of dislocations in a single 
crystal silicon layer on a buried oxide film which is an 
insulation material is less than 10 3 /cm 2 and which 
allows the formation of the continuous buried oxide film 
including no silicon grain. It is also an object of the 
present invention to provide a manufacturing method for 
forming a buried oxide film having a thickness of 90 nm 
or larger. 

It is another object of the present invention to pro- 
vide an apparatus for implementing the above method. 

In order to achieve the above objects of the present 
invention, a method for manufacturing an SOI type sem- 
iconductor substrate of the present invention comprises 
the step of implanting oxygen ions into a major surface 
of a silicon substrate to obtain a maximum oxygen atom 
concentration being no larger than 4x1 0 22 atoms/cm 3 
and no smaller than 1.0x10 22 atoms/cm 3 . 

An apparatus for manufacturing a semiconductor 
substrate of the present invention comprises a first 
processing unit for receiving ion implantation conditions 
in a series of ion implantation processes to output the 
implanted atom concentration distribution in the sub- 
strate for each implantation condition, a second 
processing unit for receiving the output of said first 
processing unit to output an accumulated atom concen- 
tration distribution which is the sum of the implanted 
atom concentration distribution in the substrate for each 
ion implantation condition over the series of ion implan- 
tations, a third processing unit for receiving the output of 
said second processing unit as a first input and one of 
conditions to be met by a desired atom concentration 
distribution as a second input to determine whether said 
first input matches to said second input or not and out- 
putting a first output representing the decision and a 
second output representing a difference between said 
first input and said second input, and a fourth process- 
ing unit for receiving the first and second outputs of said 
third processing unit as first and second inputs. Respec- 
tively to output the series of ion implantation conditions 
inputted to said first processing unit as a first output 
when the first output of said third processing unit is 
affirmative, and output a second output indicating a cor- 
rection amount to correct a selected one of the series of 
ion implantation conditions inputted to said first 
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processing unit to decrease the second input when the 
first output of said third processing unit is negative. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A through 1 C show substrate sectional views 
(Figs. 1A and 1C) in an implantation process and 
an oxygen atom concentration distribution (Fig. 1B) 
of a substrate by the implantation to Illustrate an 
implantation condition when oxygen ions are 
implanted into the substrate by the manufacturing 
method of the present invention, 
Figs. 2A and 2B illustrate various methods for 
changing a depthwise position of the oxygen ion 
implantation, 

Figs. 3A and 3B show block diagrams of a configu- 
ration of a manufacturing apparatus in accordance 
with one embodiment of the present invention, 
Fig. 4A is a characteristic curve showing a relation 
between a maximum oxygen atom concentration in 
the substrate and a dislocation density in the single 
crystal silicon layer on the buried oxide film, 
Figs. 4B and 4C show sectional views for illustrating 
a change in the sectional state of the substrate by 
the change of the maximum oxygen atom concen- 
tration, 

Fig. 5A shows a relation between the maximum 
oxygen atom concentration and a form of the buried 
oxide film, 

Figs. 5B and 5C show sectional views of the sub- 
strate after the oxygen ion implantation and after 
the thermal process when the maximum oxygen 
atom concentration is larger than 2.25x1 0 22 
atoms/cm 2 and not larger than 4x1 0 22 atoms/cm 2 , 
Fig. 6 illustrates an affect by a shape of a distribu- 
tion curve of the oxygen atom concentration to the 
form of the buried oxide film, 
Fig. 7 shows a depthwise distribution of the oxygen 
atom concentration of the silicon substrate manu- 
factured by the present invention, 
Fig. 8 shows another depthwise distribution of the 
oxygen atom concentration of the silicon substrate 
manufactured by the present invention. 
Fig. 9A shows a state of change of the implantation 
energy and an oxygen ion dose in the oxygen ion 
implantation, 

Fig. 9B shows a depthwise distribution of the oxy- 
gen atom concentration of the silicon substrate 
when the implantation energy is changed as shown 
in Fig. 9A, and 

Figs. 10 and 1 1 show other examples of depthwise 
distribution of the oxygen atom concentration of the 
silicon substrate manufactured by the present 
invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 

Referring to the accompanying drawings, a method 
for manufacturing a silicon substrate in accordance with 
the present invention is explained. 

As shown in Fig. 1 A, in accordance with the present 
invention, oxygen ions are implanted into a major sur- 
face of a silicon substrate 1 and then it is thermally proc- 
essed to change a silicon layer 2 of the surface having a 
number of crystal defects created by the ion implanta- 
tion into a single crystal silicon layer 2' of reduced 
number of crystal defects, as shown in Fig. 1 C, and oxy- 
gen atoms implanted into an oxygen ion implantation 
area 3 are reacted with silicon atoms of the substrate 
and an implantation condition to form a continuous and 
homogeneous silicon oxide film, that is, a buried oxide 
layer 3' is determined in the following manner. 

A series of oxygen ion implantation process may be 
conducted continuously or intermittently. When it is con- 
ducted continuously, the oxygen implantation condition, 
that is, a mean implantation depth and an ion dose are 
changed stepwise or continuously while continuing the 
implantation. When the oxygen implantation process is 
continuously conducted and the implantation condition 
is changed while continuing the implantation, the 
implantation condition at each of predetermined time 
points in a process execution period is determined such 
that a final oxygen concentration distribution derived by 
a series of processes meets the following conditions: 

(1) As shown in Fig. 1B, in a series of oxygen ion 
implantation processes, a mean implantation depth 
and an ion dose of the oxygen ion implantation 4 in 
each process are continuously or stepwise 
changed such that a depthwise distribution 5 of the 
oxygen atom concentration derived by the series of 
oxygen ion implantation processes has one peak 
and continuously decreases before and after the 
peak. 

(2) The peak of the oxygen atom concentration dis- 
tribution 5 which is also a maximum value is set to 
no larger than 4.0x1 0 22 atoms/cm? and no smaller 
than I.OxlO 22 atoms/cm 2 , and preferably no larger 
than 2.25x1 0 22 atoms/cm 2 and no smaller than 
1.0x10 22 atoms/cm 2 and the total dose (in 
ions/cm 2 ) in the series of oxygen ion implantations 
is set to a value of a desired thickness (in cm) of the 
buried oxide film multiplied by 4.48x1 0 22 . 

(3) The change of the implantation depth of the oxy- 
gen ions is conducted by changing an implantation 
energy, removing a surface 6 of the silicon sub- 
strate 1 as shown in Fig. 2A and depositing a film 7 
on the surface of the silicon substrate 1 as shown in 
Rg. 2B. 

(4) Thermal process is conducted at a high temper- 
ature of 1300°C or higher after the completion of 
the series of oxygen ion implantations to form a sto- 
ichiometric buried oxide film 3' and a single crystal 
silicon layer 2* having less crystal defects. 
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A relation between the dislocations in the semicon- 
ductor silicon layer on the buried oxide film and the oxy- 
gen dose in the method for forming the single crystal 
silicon layer having a uniform thickness over the entire 
surface of the substrate on the buried oxide film which is 5 
the insulation material by implanting the oxygen ions 
into the silicon substrate is reported by S. Nakashima et 
al in J. Mater. Res., Vol.8. (1993). pp.523-534. Accord- 
ing to the investigation by the inventors of the present 
invention on the generation of dislocations in the single 10 
crystal silicon layer on the buried oxide film, it has been 
proved that the number of dislocations in the single 
crystal silicon layer does not necessarily depend on the 
dose of the oxygen ions but it essentially depends on 
the maximum concentration of the oxygen atoms 15 
implanted in the silicon substrate. When the oxygen ion 
implantation into the silicon substrate is continued, the 
oxygen atom concentration in the silicon substrate 
increases and when the oxygen atom concentration 
exceeds 4.0x1 0 22 atoms/cm 3 , the formation of a non- 20 
stoichiometric silicon oxide film 22 in which silicon is 
microscopically mixed with an Si0 2 phase as shown in 
Fig. 4B is observed. When the oxygen atom concentra- 
tion reaches 4.48x1 0 22 atoms/cm 3 , a stoichiometric sil- 
icon oxide film is formed. It has been proved that when 2 $ 
the oxygen ions are further implanted after the forma- 
tion of the non-stoichiometric silicon oxide film 22 in the 
silicon substrate, the concentration of the dislocations 
23 in the single crystal silicon 2' on the buried oxide film 
3' after the thermal process rapidly increases as shown 30 
in Fig. 4C. The increase of the dislocations is also 
proved by the oxygen ion implantation after the forma- 
tion of the stoichiometric silicon oxide film. Fig. 4A 
shows a relation between a maximum oxygen atom 
concentration implanted in the silicon substrate and a 35 
dislocation density. When the oxygen atom concentra- 
tion is 4.0x1 0 22 atoms/cm 3 or lower, that is, when the 
formation of the non-stoichiometric silicon oxide film is 
not observed during the oxygen ion implantation, the 
dislocation density is lower than 1 0 3 /cm 2 , and when the 40 
oxygen atom concentration exceeds 4.0x10 22 
atoms/cm 3 is observed, that is, when the formation of 
the non-stoichiometric silicon oxide film or the formation 
of the stoichiometric silicon oxide film is observed, the 
dislocation density is 10 3 /cm 2 or higher. 45 

When the oxygen ion implantation and the thermal 
process are repeated in a plurality of cycles, the oxygen 
atom concentration in the silicon substrate after the 
implantation of the oxygen ions in one run may not 
exceed 4.0x1 0 22 atoms/cm 3 but the oxygen atom con- so 
centration after the next thermal process may exceed 
4.0x1 0 22 atoms/cm 3 by the movement of the oxygen 
atoms during the next thermal process. In such a case, 
the dislocation density in the semiconductor silicon film 
on the buried oxide film exceeds 1 0 3 dislocations/cm 2 if ss 
the oxygen ions are implanted in the next run. Accord- 
ingly, the formation of the buried oxide f Om and the over- 
lying single crystal silicon layer in the course of the 
series of oxygen ion implantation should be avoided. In 
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the present invention, in order to keep the dislocation 
density In the single crystal silicon layer on the buried 
oxide film to lower than 10 3 /cm 2 , the maximum oxygen 
atom concentration in the silicon substrate is kept no 
larger than 4.0x1 0 22 atoms/cm 3 during the implantation 
of the oxygen ions into the silicon substrate and the 
thermal process at 1300°C or higher to form the buried 
oxide film and the overlying single crystal silicon is con- 
ducted after the completion of the series of oxygen ion 
implantations. 

As a result of the investigation of the relation 
between the oxygen atom concentration after the ion 
implantation and the form of the buried oxide film 
formed by the reaction of the implanted oxygen atoms 
and the silicon atoms, it has been proved that the form 
of the buried oxide film depends on the maximum oxy- 
gen atom concentration. In Fig. 5A, in a range 27 where 
the maximum oxygen atom concentration exceeds 
4.0x1 0 22 atoms/cm 2 , a homogeneous and continuous 
buried oxide film or a continuous buried oxide film 
including a small amount of silicon grains in the vicinity 
of the interfaces to the upper or lower single crystal sili- 
con substrates is formed. In a range 26 where the oxy- 
gen atom concentration is larger than 2.25x1 0 22 
atoms/cm 2 and no larger than 4.0x1 0 22 atoms/cm 2 , a 
buried oxide f flm including silicon grains is formed. In a 
range 25 where the maximum oxygen atom concentra- 
tion is no larger than 2.25x10 22 atoms/cm 3 and no 
smaller than 1.0x10 22 atoms/cm 3 , a homogeneous and 
continuous buried oxide film is formed. In a range 24 
where the maximum oxygen atom concentration is 
smaller than LOxlO 22 atoms/cm 3 , a discontinuous bur- 
ied oxide film is formed. Where the maximum value of 
the oxygen atom concentration exceeds 2.25x1 0 22 
atoms/cm 3 , an area where the oxygen atom concentra- 
tion is larger than 2.25x1 0 22 atoms/cm 3 and no larger 
than 4.0x1 0 22 atoms/cm 3 comprises a microscopic mix- 
ture of an area 28 which is clearly rich in Si0 2 and an 
area 29 which is rich in Si, as seen by Auger electron 
spectroscopy and as shown in Fig. 5B. When such a 
mixture layer 30 is thermally processed at a tempera- 
ture of 1300°C or higher, the oxygen atoms present in 
the area 29 which is rich in Si are taken into the area 28 
which is rich in Si0 2 as shown in Fig. 5C so that a buried 
oxide film 28' is grown from the area 28 while the area 
29 is changed to silicon grains 29' having the oxygen 
atom concentration in the order of solid solubility and it 
is left while it is surrounded by the buried oxide film 28'. 
When the size of the silicon grains is sufficiently small, 
the silicon grains are dissolved and diffused into the bur- 
ied oxide film and eliminated by applying the high tem- 
perature thermal process for a sufficiently long time. But 
the silicon grins 29* often remain. When the maximum 
value of the oxygen atom concentration is no larger than 
2.25x1 0 22 atoms/cm 3 and no smaller than LOxlO 22 
atoms/cm 3 , the area which is rich in Si0 2 and the area 
which is rich in Si cannot be clearly distinguished in the 
area in which the oxygen ions have been implanted 
even by the Auge electro spectroscopy, and when this 
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layer is thermally processed at a temperature of 1300°C 
or higher, a buried oxide film including no silicon grain is 
formed. When the maximum oxygen atom concentra- 
tion is smaller than I.OxlO 22 atoms/cm 3 , oxygen atoms 
must be collected from an adjacent area which is sev- 5 
eral times as large as the size of Si0 2 segregates, in the 
process of forming the stoichiometric buried oxide film 
by the thermal process at a temperature of 1300°C or 
higher. Since the size of Si0 2 segregates which are sta- 
ble at the temperature of 1300°C or higher is several w 
tens nm or larger, the stable size is not attained by col- 
lecting the oxygen atoms only from the depthwise adja- 
cent area and hence the oxygen atoms may have to be 
collected from the laterally adjacent area. In such a 
case, the laterally adjacent area from where the oxygen 15 
atoms have been taken remains as the silicon layer so 
that Si0 2 segregates are not grown to a continuous 
buried oxide film. Accordingly in accordance with the 
present invention, in order to attain the continuous bur- 
ied oxide film including no silicon grain, the maximum 20 
value of the implanted oxygen atom density is set to no 
larger than 2.25x1 0 22 atoms/cm 3 and no smaller than 
1. 0x1 0 22 atoms/cm 3 . 

When the maximum value of the oxygen atom con- 
centration is no larger than 2.25x1 0 22 atoms/cm 3 and 25 
no smaller than 1.0x10 22 atoms/cm 3 and where there 
are a plurality of peaks in the depthwise distribution and 
the lateral distribution of the oxygen atom concentration, 
the buried oxide film including silicon grains or the dis- 
continuous buried oxide film may be formed by applying 30 
the thermal process. This is explained with reference to 
Fig. 6. In Fig. 6, a solid line shows the oxygen atom con- 
centration distribution in the silicon substrate immedi- 
ately after the oxygen ion implantation, and a broken 
line shows the oxygen atom concentration distribution in 35 
the silicon substrate after the application of the thermal 
process at the temperature of 1300°C or higher. The 
oxygen atoms which are present in the silicon substrate 
beyond the solid solubility are readily segregated as the 
silicon oxide by the thermal process. They are segre- 40 
gated preferentially from points having a higher oxygen 
atom concentration than that of the surrounding area, 
that is, from the points 31 and 32 where the oxygen 
atom concentration exhibits a peak, and they are grown. 
As the segregation progresses and the oxygen atom 45 
concentration in the silicon substrate around the segre- 
gates is decreased to the order of the solid solubility, 
small segregates which are smaller than a critical size 
determined by the thermal process temperature are dis- 
solved and the oxygen atoms are taken into large seg- so 
regates which are larger than the critical size. Where a 
plurality of segregates larger than the critical size 
remain, the continuous buried oxide film may not be 
formed because the area 35 of the silicon layer in which 
the oxygen atom concentration has been reduced to the 55 
order of the solid solubility remains between the segre- 
gation area 33 and the segregation area 34. Accord- 
ingly, in order to form the homogeneous and continuous 
buried oxide film at the uniform depth, it is preferable 



that the depthwise distribution of the implanted oxygen 
atom concentration has a single peak and continuously 
decreases before and after the peak and the lateral dis- 
tribution, that is, the distribution in a plane of a constant 
depth is uniform. 

A method for increasing the film thickness of the 
continuous buried oxide film is now explained. Since the 
f am thickness (in cm) of the buried oxide film is substan- 
tially equal to a quotient of the oxygen ion dose (in 
ions/cm 2 ) divided by 4.48x1 0 22 . the oxygen ion dose 
may be increased in order to increase the thickness of 
the buried oxide film. However, when the dose is 
increased while the implantation energy of the oxygen 
ions is fixed as it is in the prior art, the maximum con- 
centration of the oxygen atoms will exceed 2.25x1 o 22 
atoms/cm 3 at a certain dose or higher because the 
maximum value of the implanted ion concentration is 
approximately 0.4^/<j (where <j> is the ion dose and a is a 
standard deviation of the implantation depth) as shown 
in the formula (4.2). on page 22 of "PROJECTED 
RANGE STATISTICS" by James F. Gibbons. William S. 
Johnson and Steven W. Mylroie (published by Dowden, 
Hutchington & Ross. Inc.). For example, when the oxy- 
gen ions are implanted into the silicon substrate held at 
550°C at the energy of 200 KeV. the oxygen ion dose at 
which the maximum value of the implanted oxygen atom 
concentration reaches 2.25x10 22 atoms/cm 3 is approxi- 
mately 5x1 0 1 7 ions/cm 2 and the thickness of the buried 
oxide film formed by the thermal process is approxi- 
mately 112 nm. When the maximum concentration of 
the oxygen atoms exceeds 2.25x1 0 22 atoms/cm 3 , the 
buried oxide film will become to include the silicon 
grains as described above and the oxygen dose cannot 
be simply increased. Referring to Fig. 1, the method of 
the present invention in which the oxygen ion dose is 
increased while the maximum value of the oxygen atom 
concentration is kept to no larger than 2. 25x1 0 22 
atoms/cm 3 and no smaller than I.OxlO 22 atoms/cm 3 is 
explained. A broken line 4 in Fig. 1 shows the depthwise 
distribution of the oxygen atom concentration corre- 
sponding to the respective implantations of different 
mean implantation depths, and a solid line 5 shows the 
depthwise distribution of the oxygen atom concentration 
with the respective implantations being accumulated. In 
this manner, the series of oxygen ion implantations are 
conducted while the mean implantation depth is step- 
wise or continuously changed, and implantation dose 
for the respective mean implantation depths are control- 
led such that the maximum value of the accumulated 
oxygen atom concentration falls within the range 
described above and the total oxygen ion dose reaches 
the dose required to attain the buried oxide film of a pre- 
determined film thickness. By conducting the implanta- 
tion while changing the mean implantation depth, the 
implantation may be made depthwise widely and the 
dose necessary to attain the buried oxide film of the pre- 
determined film thickness can be secured even with the 
low maximum value of the oxygen atom concentration. 
In implementing it, as described above, it is preferable 
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that the depthwise distribution of the accumulated oxy- 
gen atom concentration has a single peak and the lat- 
eral distribution is uniform. 

As a method for changing the depthwise position to 
implant the oxygen ions, a method of changing the 5 
implantation energy of the oxygen ions, a method of 
implanting while removing the silicon layer 6 on the sur- 
face of the silicon substrate as shown in Fig. 2A, a 
method of implanting while depositing the film 7 on the 
surface of the silicon substrate as shown in Fig. 2B, or a io 
combination of those methods may be used. As a spe- 
cific method for removing the silicon layer 6 on the sur- 
face of the silicon substrate, polishing or grinding using 
grinding grains or kalium hydroxide aqueous solution, 
plasma etching using chlorine gas, sulfate hexafluoride is 
gas or carbon hexafluoride gas or wet etching using 
aqueous solution of mixture of ammonium and hydro- 
gen peroxide, aqueous solution of mixture of nitric acid 
and f luodic acid or aqueous solution of kalium hydroxide 
is appropriate. The constituent elements of the film 7 20 
deposited on the surface of the silicon substrate are 
preferable those elements which do not adversely affect 
to an operation characteristic of a semiconductor elec- 
tronic device built in the silicon substrate because the 
constituent elements of the film 7 Eire knocked-on into 25 
the silicon substrate in the course of the implantation of 
the oxygen ions into the silicon substrate through the 
film 7. A metal element is not preferable because it 
forms a deep level which adversely affects to the opera- 
tion of the semiconductor electronic device, in the sili- 30 
con substrate. Carbon and nitrogen are not preferable 
because they apt to create the crystal defects in the sil- 
icon substrate. Preferable constituent elements of the 
film 7 are silicon and oxygen and the film 7 is preferably 
the silicon film, the silicon oxide film or the combination 35 
film thereof. 

Referring to Fig. 3A, an apparatus for determining 
the mean implantation depth and the dose in each proc- 
ess of the series of oxygen ion implantation processes 
is explained. A program is built in a processing unit 8 40 
such that when the implantation energy of the oxygen 
ions, the dose and the removal amount of the surface 
silicon layer are inputted, the oxygen atom concentra- 
tion distribution 1 5 in the silicon substrate when the oxy- 
gen ions are implanted into the silicon substrate under 45 
the above condition is outputted. A program is also built 
in the processing unit 8 such that when the name of 
material deposited on the silicon surface, the film thick- 
ness, the implantation energy of the oxygen ions and 
the dose are inputted, the oxygen atom concentration 50 
distribution 15 in the silicon substrate when the oxygen 
ions are implanted into the silicon substrate through the 
film under the above condition is outputted. In the pro- 
grams built in the processing unit 8, the affect to the ero- 
sion of the silicon surface or the film deposited on the ss 
silicon surface by the ion beam during the implantation 
of the oxygen ions, the channeling caused by the crystal 
orientation of the silicon substrate and the incident 
direction of the ion beam, and the affect of the silicon 



substrate temperature during the ion implantation are 
taken into consideration. As a method in the processing 
unit 8 for outputting the oxygen atom concentration dis- 
tribution 15 in the silicon substrate from the input of the 
implantation condition 14 in each process of the series 
of oxygen ion implantation processes such as the oxy- 
gen implantation energy and the dose, a method for tak- 
ing out the prestored data determined by experiment or 
calculation and outputting it or a method for calculating 
on site by a predetermined formula and output it may be 
used. The calculation formula to be programmed in the 
processing unit 8 may be the computer simulation code 
TRIM disclosed by J. F. Ziegler, J. P. Biersack and U. 
Littmark in The Stopping and Ranges of Ions in Solids", 
Vol.1, by J. F. Ziegler (published by Pergamon. New 
York, 1985), or the computer program code IRIS dis- 
closed by U.Bussmann and P. L F. Hemment in Nud. 
Instrum. methods B. 47 (1990), p.22. H may also be 
determined by experiment. A program is built in a 
processing unit 9 such that when the respective oxygen 
atom concentration distributions 15 outputted from the 
processing unit 8 are entered for the series of oxygen 
ion implantation conditions, the oxygen atom concentra- 
tion distribution 16 which results from the accumulation 
thereof is outputted. A program is built in a processing 
unit 10 such that when the oxygen atom concentration 
distribution 16 accumulated for the series of oxygen ion 
implantations outputted from the processing unit 9 and 
a desired oxygen atom concentration distribution 1 7 are 
inputted, the matching thereof is determined and the 
result of matching and a difference 18 between both dis- 
tributions are outputted. A program is built in a process- 
ing unit 1 1 such that when the result of determination 
outputted from the processing unit 1 0 and the difference 
18 between the accumulated oxygen atom concentra- 
tion distribution and the desired oxygen atom concen- 
tration distribution are inputted and if the matching is 
determined, a series of oxygen ion implantation condi- 
tions 1 9, at that time that is, the implantation energy, the 
dose, the name of material of the film deposited on the 
silicon substrate and the film thickness thereof or the 
removal amount of the silicon surface are outputted, 
and if the determination indicates the mismatching, a 
series of oxygen ion implantation conditions 20 which 
are modified to reduce the difference 17 between the 
accumulated oxygen atom concentration distribution 16 
and the desired oxygen atom concentration distribution 
17 are outputted. The number of times of oxygen 
implantation processes to attain the desired oxygen 
atom concentration distribution and the oxygen implan- 
tation condition in each process initially applied to the 
processing unit are determined by experiment based on 
the difference from the desired oxygen atom concentra- 
tion distribution 17. Which one of the series of oxygen 
implantation conditions is to be modified Is determined 
by experiment based on the comparison of the state of 
the accumulated oxygen atom concentration distribution 
and the state of the desired oxygen atom concentration 
distribution 17. The series of modified oxygen ion 
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implantation conditions 20 outputted from the process- 
ing unit 1 1 are fed back to the input of the processing 
unit 8. When the processing units 8-1 1 are connected, 
the series of oxygen ion implantation conditions 14 are 
initially set to the processing unit 8 and the desired oxy- 5 
gen atom concentration distribution 17 is inputted to the 
processing unit 10, the processing unit 11 determines 
and outputs the series of optimum oxygen ion implanta- 
tion conditions 19. 

In the above description, one of the inputs of the 10 
processing unit 10 is the desired oxygen atom concen- 
tration distribution 17. Alternatively, the condition to be 
met by the oxygen atom concentration distribution as 
defined by the present invention may be used as the 
input. is 

The above conditions may be as follows: 

(a) The maximum oxygen atom concentration is no 
larger than 4x1 0 22 atoms/cm 3 and no smaller than 

1 .0x1 0 22 atoms/cm 3 . 20 

(b) The maximum oxygen atom concentration is no 
larger than 2.25x1 0 22 atoms/cm 3 and no smaller 
than 1 .0x1 0 22 atoms/cm 3 . 

(c) The depthwise distribution of the oxygen atom 
concentration in the silicon substrate has a single 25 
peak and continuously decreases before and after 
the peak. 

(d) The distribution of the oxygen atom concentra- 
tion in the plane of the predetermined depth in the 
silicon substrate is uniform. 30 

(e) The total oxygen ion dose is equal to a value of 
the thickness (in cm) of the desired buried oxide film 
multiplied by 4.48x1 0 22 

In this case, a program is built in the processing unit 35 
10 such that when the accumulated oxygen atom con- 
centration distribution 16 for the series of oxygen ions 
implantations outputted from the processing unit 9 and 
the condition 1 7 to be met by the oxygen atom concen- 
tration distribution as defined by the present invention ao 
are inputted, whether the accumulated oxygen atom 
concentration distribution 16 meets the condition 17 to 
be met by the oxygen atom concentration distribution as 
defined by the present invention or not is determined, 
and the result of determination and the difference 18 4s 
between the value corresponding to the above condition 
for the accumulated oxygen atom concentration distri- 
bution 16 and the value of the above condition are out- 
putted. Accordingly, a program is built in the processing 
unit 1 1 such that when the result of the determination so 
outputted from the processing unit 10 and the difference 
18 between the accumulated oxygen atom concentra- 
tion distribution and the condition to be met by the oxy- 
gen atom concentration distribution as defined by the 
present invention are inputted, the implantation condi- ss 
tion 19 in the series of oxygen ion implantations are out- 
putted when the determination indicate the matching, 
and a series of oxygen ion implantation conditions 20 
modified to reduce the deference between the accumu- 



lated oxygen atom concentration distribution 16 and the 
condition 17 to be met by the oxygen atom concentra- 
tion distribution as defined by the present invention are 
outputted when the determination indicates the mis- 
matching. In the above description, the processing units 
8-1 1 are shown as separate units although they may be 
combined appropriately or further divided. 

When the implantation depth is changed by the 
Implantation energy, the efficient operation of the oxy- 
gen ion implantation apparatus is attained by inputting 
the output 19 of the processing unit of Fig. 3A to the 
control unit 1 2 of the oxygen ion implantation apparatus. 
When required, a converter 13 may be inserted 
between the output 19 of the processing unit and the 
input 21 of the oxygen ion implantation apparatus to 
convert the implantation energy to an acceleration volt- 
age for the ion beam and the ion dose to an ion beam 
current and an implantation time. 

Experimental examples when the semiconductor 
substrates were manufactured in accordance with the 
present invention are now explained. 

Experimental Example 1 

Oxygen ions of total dose of 6.72x1 0 1 7 ions/cm 2 
were implanted into the silicon substrate while 
changing the energy stepwise to form the buried 
oxide film having the thickness of approximately 150 
nm in the silicon substrata First the depthwise dis- 
tribution of the accumulated oxygen atom concentration 
derived after the series of oxygen ion implantation was 
set to follow the Gaussian distribution, that is, 
C(z)=Co/(2n) 05 oxexp(-(z-zo) 2 ^a 2 ), where C(z) is 
the oxygen atom concentration at the depth z, Co is the 
total dose per unit area, o is a standard deviation of the 
distribution and zo is the depth at which the oxygen 
atom concentration is maximum. In this example, 
Co=6.72x10 17 ions/cm 2 , cr=124 nm and zo=300 nm. 
Since the maximum oxygen atom concentration is 
Co/(2n) 05 a, it is 2.16X10 22 atoms/cm 3 Then, the 
implantation energy of the oxygen ions was set to four 
steps of 110. 140, 170 and 200 KeV and the oxygen 
dose at each implantation energy was set to 1 .40x10 17 , 
1.60x10 17 , 1.78x10 17 and 1.94x10 17 ions/cm 2 and the 
series of oxygen ion implantations were conducted to 
the silicon substrate kept at the temperature of 600°C. 
In this case, in order to make the lateral distribution of 
the oxygen atom concentration implanted in the silicon 
substrate uniform, the oxygen ion beam was uniformly 
scanned over the entire surface of the silicon substrate. 
The depthwise distribution of the oxygen atom concen- 
tration in the silicon substrate after the oxygen implanta- 
tion was measured by the secondary ion mass 
spectroscopy. The result is shown in Fig. 7. The distribu- 
tion which substantially matched to the expected Gaus- 
sian distribution was attained and the maximum oxygen 
atom concentration was 2.16x10 22 atoms/cm 3 . The sili- 
con substrate was placed in an electric furnace and it 
was thermally processed in an argon gas atmosphere 
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including 0.5% of oxygen at a temperature of 1 330°C for 
six hours. After the thermal process, the silicon sub- 
strate was dipped in the hydrofluoric acid to remove the 
silicon oxide film having the thickness of approximately 
82 nm grown during the thermal process, and the cross- 
sectional structure of the silicon substrate was observed 
by a transmission electron microscope. As a result, a 
single crystal silicon layer having the thickness of 
approximately 213 nm at the top surface and a buried 
oxide film having the thickness of approximately 1 50 nm 
thereunder, and a silicon substrate thereunder were 
observed. The buried oxide film was continuous and 
homogeneous and no inclusion of the silicon grain was 
observed. In order to count the dislocation density in the 
single crystal silicon layer on the top surface, a single 
crystal silicon layer having the thickness of approxi- 
mately 5 pm was epitaxially grown by the thermal CVD 
method on the single crystal silicon layer on the top sur- 
face and it was dipped in the wright etching solution for 
90 seconds to visualize the crystal defects. The disloca- 
tion density was counted by an optical microscope and 
it was 600 /cm 2 . In this example, the depthwise distribu- 
tion of the accumulated oxygen atom concentration 
derived after the series of oxygen ion implantations 
were assumed as the Gaussian distribution although it 
may be any continuous distribution having a single 
peak. 

Experimental Example 2 

Like in the Experimental Example 1, the oxygen 
ions of total dose of 2.24x10 17 ions/cm 2 were implanted 
into the silicon substrate while changing the energy 
stepwise to form the buried oxide film having the thick- 
ness of approximately 50 nm in the silicon substrate. 
The implantation energy of the oxygen ions was set to 
the four steps of 60, 80, 100 and 120 KeV and the oxy- 
gen dose at each implantation energy was set to 
4.35x1 0 16 , 5.26x10 16 , 6.05x10 16 and 6.74x10 16 
ions/cm 2 and the series of oxygen ion implantations 
were conducted. The depthwise distribution of the oxy- 
gen atom concentration in the silicon substrate after the 
oxygen implantation is shown in Fig. 8. The maximum 
oxygen atom concentration is 1.01x10 22 atoms/cm 3 at 
the depth of approximately 110 nm The silicon sub- 
strate was placed in the electric furnace and thermally 
processed in the argon gas atmosphere including 0.5% 
of oxygen at the temperature of 1 330°C for six hours. As 
a result, the SOI structure comprising the single crystal 
silicon layer having the thickness of approximately 58 
nm and the continuous and homogeneous buried oxide 
film having the thickness of approximately 50 nm was 
formed. The dislocation density of the single crystal sili- 
con layer was approximately 500 /cm 2 . 

Experimental Example 3 

The oxygen ions of the total dose of 1.0x10 18 
ions/cm 2 were implanted into the silicon substrate while 



continuously changing the implantation energy from 
345 KeV to 85 KeV to form the buried oxide film having 
the thickness of approximately 223 nm in the silicon 
substrate. The dose rate was kept constant by keeping 

5 the beam current of the oxygen ion constant, and the 
instant dose to the implantation energy was continu- 
ously changed as shown in Fig. 9A by changing the 
sweep rate of the implantation energy. The depthwise 
distribution of the oxygen atom concentration in the sili- 

10 con substrate after the oxygen implantation was meas- 
ured by the secondary ion mass spectroscopy and the 
result is shown in Fig. 9B. The means implantation 
depth of the oxygen ions was approximately 413 nm 
and the maximum oxygen atom concentration was 

15 approximately 2.14x10 22 atoms/cm 2 . The silicon sub- 
strate was thermally processed in the argon gas atmos- 
phere including 0.5% of oxygen at 1380°C for four 
hours. As a result, the SOI structure comprising the sin- 
gle crystal silicon layer having the thickness of approxi- 

20 mately 302 nm and the continuous and homogeneous 
buried oxide film having the thickness of approximately 
223 nm was formed and the dislocation density of the 
single crystal silicon layer was approximately 700 /cm 2 . 

25 Experimental Example 4 

By etching the surface of the silicon substrate, the 
implantation depth of the oxygen ions was changed and 
the oxygen ions of the total dose of 2.0x1 0 1 7 ions/cm 2 

30 were implanted at the energy of 60 KeV to form the bur- 
ied oxide film having the thickness of approximately 44 
nm in the silicon substrate. Each time the oxygen ions 
were implanted at 5x1 0 1 6 ions/cm 2 , the silicon sub- 
strate was dipped in the aqueous solution of the mixture 

35 of ammonium and hydrogen peroxide to remove the 
surface of the silicon substrate by 10 nm by the wet 
chemical etching, and then the remaining implantation 
was applied. The depthwise distribution of the oxygen 
atom concentration in the silicon substrate after the oxy- 

40 gen ion implantation is shown in Fig. 10. The maximum 
oxygen atom concentration was at the depth of approx- 
imately 100 nm and the maximum concentration was 
approximately 1.55x10 22 atoms/cm 2 . By the removal of 
the silicon substrate surface by the etching and the 

45 sputtering of the silicon substrate surface by the ion 
beam during the implantation of the oxygen ions, 
approximately 2.5% of the dose was removed together 
with the silicon substrate surface. The silicon substrate 
was thermally processed in the argon atmosphere 

so including 0.5% of oxygen at 1330°C for six hours. As a 
result, the SOI structure comprising the single crystal 
silicon layer having the thickness of approximately 49 
nm and the continuous and homogeneous buried oxide 
film having the thickness of approximately 44 nm was 

55 formed. The dislocation density of the single crystal 
layer was approximately 400 /cm 2 . 
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Experimental Example 5 

By depositing a polycrystalline silicon film on the 
surface of the silicon substrate by the chemical vapor 
deposition, the implantation depth of the oxygen ions s 
was changed, and the oxygen ions of the total dose of 
8.0x10 17 ions/cm 2 were implanted to form the buried 
oxide film having the thickness of approximately 178 nm 
in the silicon substrate. Each time the oxygen ions were 
implanted at 1x10 17 ions/cm 2 , the polycrystalline silicon 10 
film having the thickness of approximately 60 nm was 
deposited on the surface of the silicon substrate by the 
chemical vapor deposition, and then the remaining 
implantation was applied. The depthwise distribution of 
the oxygen atom concentration in the silicon substrate is 
after the implantation of the oxygen ions is shown in Fig. 
1 1 . The maximum oxygen atom concentration was at 
the depth of approximately 220 nm and the maximum 
concentration was approximately 1 .80x1 0 22 atoms/cm 3 . 
The silicon substrate was thermally processed in the 20 
argon atmosphere including 0.5% of oxygen at 1330°C 
for six hours. As a result, the SOI structure comprising 
the single crystal silicon layer having the thickness of 
approximately 135 nm and the continuous and homoge- 
neous buri ed oxide film having the thickness of approxi- 25 
mately 178 nm was formed. The dislocation density of 
the single crystal silicon layer was approximately 400 
/cm 2 . 



not larger than 2.25x10 22 atoms/cm 3 and not 
smaller than 1 .0x1 o 22 atoms/cm 3 . 

A method for manufacturing a semiconductor sub- 
strate according to Claim 1 wherein a depthwise 
distribution of the oxygen atom concentration in the 
silicon substrate derived by the implantation of the 
oxygen ions has a single peak and continuously 
decreases before and after the peak. 

A method for manufacturing a semiconductor sub- 
strate according to Claim 3 wherein a distribution of 
the oxygen atom concentration in the silicon sub- 
strate in a plane at a predetermined depth derived 
by the implantation of the oxygen ions is uniform. 

A method for manufacturing a semiconductor sub- 
strate according to Claim 1 wherein a series of oxy- 
gen ion implantations are conducted such that a 
mean implantation depth and a dose at the mean 
implantation depth in each oxygen ion implantation 
are continuously or stepwise changed. 

A method for manufacturing a semiconductor sub- 
strate according to Claim 1 wherein a total oxygen 
dose (in ions/cm 2 ) is equal to a value of a desired 
thickness (in cm) of a buried oxide film multiplied by 
4.48x1 0 22 . 



INDUSTRIAL APPLICABILITY 

In accordance with the present invention, the semi- 
conductor substrate having the high quality of SOI 
structure comprising the homogeneous and uniform 
buried oxide film having the thickness of 40 nm to 200 
nm or larger with the dislocation density in the single 
crystal silicon film on the buried oxide film being no 
larger than 10 3 /cm 2 can be manufactured. Accordingly, 
by manufacturing silicon semiconductor devices such 
as complementary MIS transistors or bipolar transistors 
by using the semiconductor substrate, high perform- 
ance devices with less leakage current and high insula- 
tion breakdown voltage are attained. 

Claims 

1. A method for manufacturing an SOI type semicon- 
ductor substrate comprising the step of: 

implanting oxygen ions to a silicon substrate 
from a major surface thereof so that a maxi- 
mum oxygen atom concentration is not larger 
than 4x1 0 22 atoms/cm 3 and not smaller than 
1. 0x1 0 22 atoms/cm 3 . 

2. A method for manufacturing a semiconductor sub- 
strate according to Claim 1 wherein the oxygen ions 
are implanted so that the maximum oxygen atom 
concentration implanted to the silicon substrate is 



30 



35 



40 



45 



9. 



A method for manufacturing a semiconductor sub- 
strate according to Claim 5 wherein the mean 
implantation depth of each oxygen ion implantation 
is changed by changing the ion implantation 
energy. 

A method for manufacturing a semiconductor sub- 
strate according to Claim 5 wherein the mean 
implantation depth of each oxygen ion implantation 
is changed by removing the surface of the silicon 
substrate. 

A method for manufacturing a semiconductor sub- 
strate according to Claim 5 wherein the mean 
implantation depth of each oxygen ion implantation 
is changed by depositing a film on the surface of the 
silicon substrate. 



10. A method for manufacturing a semiconductor sub- 
strate according to Claim 9 wherein constituent ele- 

50 merits of the film deposited on the surface of the 
silicon substrate are silicon or silicon and oxygen. 

11. A method for manufacturing a semiconductor sub- 
strate according to Claim 5 wherein the depthwise 

55 distribution of the oxygen atom concentration 
obtained by accumulating the depthwise distribu- 
tion of the individual oxygen atom concentration 
corresponding to the mean implantation depth and 
the dose for the series of oxygen ion implantations 
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is compared with a predetermined depthwise distri- 
bution of the oxygen atom concentration, and the 
mean implantation depth and the dose in each of 
the series of oxygen ion implantations are deter- 
mined such that both the distributions match. 

12. A method for manufacturing a semiconductor sub- 
strate according to Claim 5 wherein the depthwise 
distribution of the oxygen atom concentration 
obtained by accumulating the depthwise distribu- 
tion of the individual oxygen atom concentration 
corresponding to the mean implantation depth and 
the dose for the series of oxygen ion implantations 
is compared with a selected oxygen atom concen- 
tration and a condition to be met by the distribution 
and the mean implantation depth and the dose of 
each oxygen ion implantation are determined such 
that the depthwise distribution of the accumulated 
oxygen atom concentration meets said condition. 

13. A method for manufacturing a semiconductor sub- 
strate according to Claim 1 wherein a thermal proc- 
ess at a high temperature of 1300°C or higher is 
applied to form the buried oxide film after the com- 
pletion of the oxygen ion implantation. 

14. An apparatus for manufacturing a semiconductor 
substrate comprising: 



correct a selected one of the series of ion 
implantation conditions inputted to said first 
processing unit to decrease the second input 
when the first output of said third processing 
unit is negative. 

15. An apparatus for manufacturing a semiconductor 
substrate according to Claim 14 further comprising: 

means for applying the first output of said 
fourth processing unit to a control unit of an ion 
implantation apparatus. 



15 



20 



a first processing unit for receiving ion implan- 30 
tation conditions in a series of ion implantation 
processes to output an implanted atom con- 
centration distribution in the substrate for each 
implantation condition; 

a second processing unit lor receiving the out- 35 
put of said first processing unit to output an 
accumulated atom concentration distribution 
which is the sum of the implanted atom con- 
centration distribution in the substrate for each 
ion implantation condition over the series of ion 40 
implantation processes; 
a third processing unit for receiving the output 
of said second processing unit as a first input 
and one of conditions to be met by a desired 
atom concentration distribution as a second 45 
input to determine whether said first input 
matches to said second input or not and out- 
putting a first output representing the decision 
and a second output representing a difference 
between said first input and said second input; so 
and 

a fourth processing unit for receiving the first 
and second outputs of said third processing 
unit as first and second inputs. Respectively to 
output the series of ion implantation conditions 55 
inputted to said first processing unit as a first 
output when the first output of said third 
processing unit is affirmative, and output a sec- 
ond output indicating a correction amount to 
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ftALfci$lSfiSSOgAffi4 2. 2 5X10 
"Hf/cm 1 KT^l. 0xi0"lf/cm' ^ 

[0 0 2 0] -T*>aAbfc^^T«^©g^:{it*< 
2. 2 5 x l 0"gf/cm' &TFfr-3 1 . 0X10" 

K+OS!*IfSi«^S^L, j^Mtttl 3 0 OlCJ^Jt 

^«5few»r*fai> wta#i©^c«*iii 

— ^©©rtdistt #-cabs c ii&mti bv>. 

[0 0 2 1] a^aJ&ii^.^blgcDJgjP^it^ 

^*Vcm' ) £4. 48X10"THUfc«lCli(i 

*H^bTaAaS:ti-f J LTVi<JSi-8'»C«. James F.Ci 40 
bbons, William S. Johnson, Steven W. My lroielT' PR 
OJECTED RANGE STATISTICS" 
(Dowden, Hutchingon & Ross, Inc.^ff) 2 2S (4. 

2) iz:\zmzn~z\,*z>&o\z. aAsnfc-ft>©igg 

AS, o\t-f*>tliAmt<<DmWm&-?3?>Z>. ) 

©T, *«.aA««±-Cttte«^Og**SAt2. 2 

5X10"gf/cm' =£jgx.Tb*5. 09*. «, 5 5 

0 0 k e Vt?iiA-r^«-&, ^AbfcK^TiSSoa 50 
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*te**2. 2 5X1 0"lf/cm' ltgl3S-r-g>Kig-f 
*>aAIH*if5X10"-ft>/cm' "C$.0, 

2. 2 5X10"If/cm' ±-Cltt 

rzmiztf.-?TL£.5<D~?, m-mz\tmm'f*>&Am& 
m^itfc^. &mw.=f-m&<owckm*: 2 . 25x10" 

Sf/cm 1 KTOoi. 0X10"If/cm' J^Ji 

<o® m iz & g? ^< * >a a« & i#^-r#fg9i © 

1 TRWr*. h 1 rf 4 «sp^ffiA8i$ 
^S?S-51®>!?OffiAtr^L/feK^T«SOfii$*f6l 
©#*£^U ^5«f@^©aA*l!D»|gabfeSi^ 

<D\Z>&mt3i&.Am\Zt3:2>J: 5 \ZM-<D¥-t$SiX%& \Ztt 

a< e. -f * >&A-r & c t k «t o xai $ ^(su- fiis < a a 
[0022] &m-i*>&&A.-r2>m-2jjfa<D&m&$£: 

^.S^fttl/tlt K^-f^->©ftAx^;p^-^^ 
3>S6€r^*b^:*«e»ffiA-rs^j4» 02BIC^T«J: 

*«*t7 *abT->u 3 >s«(pcaA3nsiasTy y 
n-fe^^n*fcje>, ->U3>ss±»rfpoii*ti-&^ 
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m 7 « -> u n -> u ^ >mtwk$> z> t> « c n s ©*g 

[0 0 2 3] -a©^^-f =J->ftAK::fett£g6-©¥«i 
ft A8SS t ft A-T * >« t * fc© 5 JWM9fc35rS £ 0 3 

. ftA-r^->«^e»^c^ffl->U3>ji©^is* 

AJiTZt. ^©*#T^U 3>a«ic&3H'*>:&ft 
Abfc££©vU 3>*«*©B&5&limgg#tfjl 5 A* 

m^nsyay^Afc&^iitj. &3?gS8K 
mm-f *><D&.\^*)i>*~fc e> KftA-r * a 

-> y 3 >*b^ -> >; 3 icita b itm&-i * > e— 

AKioT. gfttSfg-rsgJ®. ->»j3>*«©*gj|;£ 
& £ -f * > e - A © ft A#fa C «t r» T £ b * ^ V > * U 

-f i:©— ^©^^-f *>ftAlr43tt-5^— ftA 

ttfflfcB9£tt. H^BsS^^ftAfcttlcatbTifc 
#gB8j&>5ffl;&$n£fi*©B*®^fiflE$Mtri 5* 

A^j-rst, ^nsfciolWRBb&Bi&B^Bfi^mi 
oviTinjicsRai^nfcftsisaf^jMEdft 1 6 t#&v»« 

BBTflW&ffil 7 t*A*"T*t. -l-OW#*»-HBcb 
TV»**»53^*tb<ft*(iJfebT, *©*Jtt§r*fc&tffcW 

#©^1 8*a*-rs^ny9A«»*atr. b*&b 
1 ucte, ia^sei o*»6tu*sn*«jfeis*tiiD»: 
sa 3 nfc^^n^jss^^ t #fc v^mR^iB*^* 
t0Hi8^t5t> ■* 

©^©^©BSSH-^ftA&ttl 9, ftA 
x*;W*-, ftA-f;T>a» ->U3>S«^®tdt«T 

sj&©!»jt* tmm, $>5Wi->U3>M©^si& 40 
mmmrmmftiti 1 6 £»&v»*jwK : Fw»Mir 1 7 1 

©^»/jN-ra^r&nr|gEiEbfc-^©«5R'f^>ftA* 

ft 2 ozmii-tz>7nif ? m&mm 1 

*>6m*Sn*4lEjEbfcHS©BliSR-f *>ttA*fr2 0 
l2S9et8 OA* tl/T7<f- H/^y^t*. B£S 

i8~n$g«L, sdrgasfc-aoBsfHa^ft 

A&# 1 4.©«5WMSrA73 b, £fciS?SLge 1 0 

v^tBBftu&Mr 1 7 * a^ts <t, 1 1 & 
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[0 0 2 4] JbfS©i»BJiT«. »J¥£B 1 0 © 1 0©A 

u*nM>mmm. : Twas#i6 1 7 1 vftv* ztazft*. 

f'<**fl : *A*tbT'bAV». £©«£\ SdFSBl 
01:11 «©SIS9*^ffi^Sns-^©BE^-f :*>ft 
AK-3V»TllD»*aanfcttSIIH : FlB«»* l 6 

#i 7t*AAnt. Dn#aa$nfctt*B^*ai^ 

* 1 6 fttsfE&HfttafiT « C 1 5 ©tt£B¥£B#:ffi*s 
T. -tOfflJ&KHKtWB©* 1 8 4Ui*t5yDy7A 

z:n£#v>. mummi ikb, msi 
1 od^m^stis^fgstjojscaastifeB^BflE 

S-T^€r*fti:©lll 8*A*-r-5t. *i]5£Jg3ia<— 8t 
©»•&«. *^^nfc-»©S?l^'f^->ftAJ'^tt-5jS 
-©ftA*tt 1 9 *J«*i^^©«^«, Jn^Sa 

T^fSjJC^iEbfc-g©^^ ^->ftA*ft2 0 £ffi 

i8~i i«sij«©t>©tbTift^bfc^ s^}c*a 

[0 0 2 5] i£AX*;U*-K«fcoTftAa§;*£^;t5 
0 3 BlZ^-rJzoiZ. 03A©Jt^«©W 

* 1 9 $r«5^-f *>ftAg«©*d«gg 1 2 KA27-T3 31 
tlr«i:oT, e^t>ftA£Boa¥WftIW$ 

^. iR^S©m^l 9ttKrj-> 

&A&B©3i(ffil8§©A2j 2 1 t©W»c^S§l 3=£^b 
T, ftAX^;i/^-*-T^>lf-A©iD)i*JEC ffiA 

-r ^>m*-t *>x-L.mffi.ii&\mm\z&&-rz> z. t 

[0 0 2 6] 

'>'j3>iSI:fffiAI6. 7 2X10"-ft>/cm 

* ©SE^*>&X^;U^-SraisiMIC%^^*^ftA 
b, ->U 3>SS4> ICJP$*«J 15 0 nm<DMt£>&?mik 

m&ntzM-c$>z>. *-r, -a©K^-f*>i£A^»c# 

^JDSt^abfcSi^MT5Sft©S?$*f6l©^&^^^ 
-T^^-fe, C (z) =Co / (2tc) 0 •« aXe 
xp (- (z-zo)' /2ff' ) tVft. iuT, C 

( z ) z T©^^Jg^5Sfi. Co «#ffi®aSfc 

9 ©£<:*>& AS, a«»^©^«p^, zo BRfeX 
^iS^«Ai:^sai$Tf&.5„ i©0il-C«, Co = 
6. 7 2X10"-ft>/cm' , a = 124nm, z 
o=3 0 0 nmtLfc. ^IPT©SA«ia£«Co / 

(2 7c) 01 oT2&£©-T?> 2. 16X10"gf/c 
m 1 T&S. Si<t>OffiAl^M-Sl 1 
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0, 140, 1 7 0. 2 0 0 k e VCD4©(^t L» 
<D&\X.*)l>#--C<Z>mm'(*>ftA&& 1 . 4 0X1 
0'\ 1. 60X10", 1. 78X10". 1. 94 
X10"-ft>/cm' (hL-T. ia^S6 0 OtKCt&o 

CD®, S'U 3>*«K£A£nfc$mifCT^W^rSj 
o^**i^-»c-r-5fe*{c. &3fK*>fc*-A£->y3 

^cf*>K»»*f^(cj;oaij^Lfei^**07^-r. io 

n. K^If«goi*ttli 2 . 1 6 X 1 0' 1 Wrf-/ c 

mm& o . 5 a6-^tf 7Ji/-^ >iJ^m^-^us. 133 

««®JC»S*«J2 1 3nm©*Mft->U 
3>J1, ^-OTJrJS$*«)l 5 0 nmOHIi&ii^'fbJK, 20 
^-©TlC->'J 3 tlfc. *oe>&3.&-fbffil« 

3*95/imO*ea->U3>14iCVDfel:J:^TX 
fc!^*->*;Uj£S3ii-*:|g. 5^ hxyf>if«l: 9 0 

fefif g4^»lfc(S««6 0 0 y/cm' -C&ofc. 
[0 0 2 7] fSiStfJ 2 

#U60»i 1 tmmz. ->u 3 >s«ic^a»2 . 2 4 x 

X*;|/*-£60, 8 0, 1 0 0, 1 2 0 keV©4g 
HtU &*©&Ax*;p*-^cD&i&<;*->&Ag£ 
4. 35X10", 5. 26X10", 6. 0 5 X 1 0 40 
", 6. 74X10"<t>/cm' tLT-a©tI 

-r2->&AS:fTofc. mm&Am<D->va>&&*<Dm 

&<DM±m\tm^mi l 0 nmWtd^-Cl. 0 1X1 
0"g?/cm' tftoTV><5. iC->U3>Ifi*i 
St^lCA*!. &3i£0. 5 >%x&w%* 
T?fISl 3 3 0 < CT?6Nfffi^abifc<!:i^, ff£S&5 
8nm©^ft->tjn>li:)l$»5 OnmOliio 

^ft&ii*&#-BfSfbjg^£ft5 s o i mm&nzwt. 

m^ft->'Jn>^©«{ft^g««J5 0 0*/cirf 50 
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[0 0 2 8] f^M^I 3 
y'Jn^SCittAtl. OXlO'WtVcm' 
Oii-<*>$aAx*M-* 3 4 5 k e V*>£ 8 5 

KJP3fc)2 2 3 nm©lSJe)ii^{b|g$r#feM-r*«. 

mm-f •* >&a<d \z-&nffi.&-ig.\z&-D ztiz^vm 
®.mmmrzr><D&Am\*-'fe\zi,, ttAi^M-** 

3\-tz>m2&&x.z>z\£\z£Q, 2?J*©£ax*;M£- 
K2fr£&A*£:0 9 AOi -5 CgifaWit^bS-ttfc., 

cd#*j £ 2 * >»»##r*£ lr ck K> Wife b & 0 
9 BKijVr. m^1"^->©¥^aAaiS«*«J4 1 3 n 

m, mmw.T<Dmxmm.\tm2. hxi o"if/ c 

m 3 £©->'J 3>£;|S£ 1 3 8 O'COD&at^ 

o. 5%(DT)v=t>^x^m%^-v4mmf^Mmvrzt 
z\?>. mzm3 o 2 nm<o^^v ^ >mtm^m 2 

2 3 nmW^d^i^S^iSJ&ii^fblgd^^SSO 

i m&i>m n. msga -> u 3 > jg 7 0 

[0029] mmm 4 

-> U D >**£©:g® £ X «/ ^ > ifiZ «fc 0 5 Z. t \Z =fc o 
T, B&^:*>©ffiAS!;**fg;t. :£g&jSH':*>S2. 
OxiO'Vcm' SaAl*W-6 0keVtftA 
U ->U 3>»S4»»r®$*?14 4 nmroiSJ&j&^&fbflg 
£#fc#|-Ca&&. 8i^t>$5x 1 0"<t>/cm 

* mA?%mz^V3>&m&T>*:-7£jmfc7km 

©^*^l'g»LT->U 3>»&:«®£ 1 0 nm«r 

m.^mx.^^>if\z^r3XMK)W^. $\zwi%mx)<D 

ttAI^aAtfc. mfb-f^>aA^©->';n>S«'*' 

co^*^Ts«oa?s^rsi©^^® 1 0 iz^-r. mm 
im^&momtttmzmi 0 0 nmic&o. 

*6l. 5 5X10"If/cra' Ta&ofc. ->>jn>g 
«*®£x«y^>yT?IS 9 

A4> l£ -> U 3 >S«S®aH- * > bf- A K J; o TA IK y 

?v>?-znrcz.£t\zj:-DT&A-nr>m.<Dm2. 5 

3>»«* 1 3 3 owmmm&o. s%<DT)vzi>x 
xnwfa.tt'-vemfflmtiimLtttz.z, m^m4 9nm 

Js*&#-&{bi8i^ s o 1 mm*mt>ntz. m&m 
~>vn>m<Dfe{iL&m*m4 0 o^/cirf -c&ifc. 

[0 0 3 0] Hlfi^l 5 

->»J 3 >Sffi©^®ic{b^«»r«t 0 3 >JR 

^iia-rs^ttCJcoT, K^^->coftASi$*^ 
X., ^Sfif :*>*8. 0X10"-ft>/cm' 
Ax^M-2 00 keVTftAU ->U3>S««f»r 
msmi 7 8 nrnwafea^-^bUgSr^fc^T**. gf 

is-ft>§ixio"-ft>/cm' aA-r^SK^y 

3>a«co^®»C*«)6 0 nm©#i^ft>'U3>K$<b^ 
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IS 

JMHcfcoTiittU 3l#$£S9©i£A»£)9:AL 

©^^^rs]©»flj*0 1 1 ir^-r. ttximueaflbt 

«S?^ii«2 2 0 nmlC&O, SAJggttifc 1 . 80X1 
O ll WL=?-/cm* T?^ofc. i©yiJn>S«$13 3 
CCCDgf^jfiaO. 5%©7;P3*>#*§?B^,*T6B# 
«8ft$aSL&<h;i3, mt<Ml 3 5nm©W->'Ja 
»StJ»S*5 1 7 8 nm©&*^o^Ifftlgje>i\#.&ft 

g*^!S;§so immmzntt. *^ffi->UD>eco 

e&&Ktt*?)4 0 0^/cm' T&ofc. 10 
[0 0 3 1] 

[58BJ!©2(J*] JW±, »Wbfc±5C**WfcJ:ntt. 
4 0 nm^e,2 0 0 nmRJb©J*£©t$StrSif*ft«ae> 

3>J&4'©fe{£&gaU 0' i/cm' OTTfe^HfD 

ssso i 8t&£*rr5¥&#g«£sorrs c: 

ffilt^M I S K7>^X^*SVi«A'f7R-5 h?>5? 
A*fc£©>-U3>N£ig#^/WX£Mi6ir££> U- 

^«s£©'>&v^ nmm&^mnrzm^mtsi^A 20 

[0B©ffl¥fctaHj§] 

[01] 01AHU *5SWfc«k*^#:S«0«jg* 

I*§©f&rB0-e&3. 

[02] 02Att, #&9!K:«fc*¥iS#S«©$lifc* 
&£*vvrttft^ 2 ®3r&& 30 
R«t-*l8©*riifHTr*.&. B2BI1 **WK1J:* 
¥»#£«©»S#j£K^T&ai'f:*->©&A«iS* 
^5^3 ©#ft£BWrr*lS©«HIBrTr**. 

[0 3] 03Att, #&fJlr«fc5¥g#g«CDS3&^ 

*ft»**ftfe»Wr"&HHTr*S. 03 Btt, *»B 

[04] 04A«, «isigTiBaE©a^cfitt««)a* 40 

HMfcBLh©*B«5'U 3 >Jf4»©S£ti&££©lil&£^ 

04BI1 ttmM^»m©fycffl**4 
x 1 o"if/cm ! &mz.%m-&e>mm'(*>&\®. 

©&«©#rB0T&-5. 04CH HkXJK?XK©fltf; 
fitd«4X 1 0"gf/cm' &iB;t<5«-&©8fta&3«© 
»«CD»f®0T*S. 

[0 5] 0 5AI1 »S/ST«flE©S^ttta«>a* 
K{blK©^t©88«*^-rK»0T?*S. 0 5 Btt, 

&mmi L m&<Dm*.m& 2. 25x10" m^/ c m 5 

i0#< 4X 1 CB^/cm' aTTJ**»&«D«* 50 
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-fsr>&A&©»«©$rB0T&-5. 05 ctt. mmm 

«*©»*«*» 2 . 2 5X1 0" JR^/ cm' J: 0 
< 4X 1 0"gf/cm' «TT*-B»^«D«tfaa»© 
*«©»tB0-T?'&&. 

[0 6] tt*s?iide©^ifeiRo^tt^ii«&44K 
fbK©^^ic&«-r^s*iK^-rs0BT*-5. 

[0 7 ] *?Sfi»c«fc3¥iSi#g«©Sii6#&©^ 1 © 

[08] 2MgWK«k*¥«#^©»ifc!j$fe©Sfl2© 
fUfi#l $ i&0J§-f 3 0BT & s . 

[0 9] 0 9AI1 #569§K:«fcS¥3S#£«©$Be# 
te©|g 3 ©ItffiffllC&l^TttS'f t>©ttAX^W- 
t«8^-f*>©ffiASt©ll«SlffiWrS0®Tafe-5. 

0 9 Btt, *ftHKJ:«¥4MMS<K0aeB^0JB 3 © 

[010] ^fm\zx^m^WR<om&^m<Df^A 

[011] *»i8fcj;s¥^*s«©aoa*ft©m5 
(D^mm swot s sit « *. 
[#^©R0J3] 

>m> 

2' U 3 >», 

3-KJR-f*>©ffiA««, 

m. 

4 -ttA«!s*«jife*fl* o-r ^>^A-c#e.n«.^^ 

5 • — g©M* ©< * L fcttXJR?* 

7 -v'J n >S«fc*»b;feJt. 
8, 9. l 0, l l 

1 2-tt*-f ^">ttA««©WW», 
1 3 •••**», 

1 4-amtSS8©A^f At>-6Hi©Rl3K^ t>ffiA 

»«*Bi:n««-r *&©<»«« &jr*, ~> u 3 >igs© 

1 5-"SW£«8©U*Tr8WS«9©A*-rfcfo5$' 
U 3 >SS«f ©MK?fUE»#. 

1 6-«ireB9©a*Tjiiis:sei 0 ©A^-r&fr-fe 
* >a ako v*t;dd©s« b rzmmm? m 

1 7-mra*i o©AAt^bt#fcv#$gfss 
»***v»tt*»ii«tas"r* t ^js©**^*^ 

1 8 -sji¥sb 1 0 ©ai^T?it^^« 1 1 <DAjj-rt£t> 
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2 3 

2 4-S!^M^«S©«Affi*U. 0X10"If/c 

2 5 -^^MT«mc9ft^M^ 2 . 2 5 X 1 0' * Wrf-/ 
cm 3 KT^l. 0X10"gf/cm' W-t"C$.-5 



2 6 -^^®^«S©SAM^2 . 2 5X10" m?/ 

[HI] 
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cm' £K)g><fr-z>4. 0X10"If/cm' KTT 

2 7 -wtmm?fcme>m±mtf4 . o x i o"isf/c 

2 8 - s i o, ksa^®^ 
2 8 • ->u ^ vtzMtb&frmtm* 

2 9-S i Iw-ffA/fc'fg^ 

2 9' -->Ua>fef, 

3 0-SiO, \Z%/vtimm2 8 iS i »C^^*m«E2 
10 9tCDil^g, 

31,32 mmm a t-^stM, 
33, 3 

[02] 
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